Objective: The potential of social cognition as a mediator of relations between neurocognition and functional status in schizophrenia has been suggested by correlational studies that link neurocognition to social cognition or link social cognition to functional status. The authors used structural equation modeling to test more directly whether one aspect of social cognition (social perception) mediates relations between basic visual perception and functional status in patients with schizophrenia.
Method: Seventy-five outpatients with schizophrenia were administered measures of early visual processing (computerized visual masking procedures), social perception (Half Profile of Nonverbal Sensitivity), and functional status (Role Functioning Scale).
Results:
Structural equation modeling supported social perception as a mediator of relations between early visual processing and functional status in schizophrenia. The mediation model indicated that early visual processing is linked to functional status through social perception, thereby supporting a significant indirect relationship. The direct relationship between early visual processing and functional status was significant in a model that did not include social perception but was not significant in the mediation model that included social perception.
Conclusions:
Social cognition appears to be a key determinant of functional status in schizophrenia. Using a very basic measure of visual perception, the present study found that social perception mediates the influence of early visual processing on functional status in schizophrenia.
(Am J Psychiatry 2006; 163:448-454)
Per sons with schizophrenia experience severe and persistent impairments in functioning as well as deficits across a wide range of neurocognitive domains (1) . A large literature supports both prospective and cross-sectional associations between neurocognitive and functional impairments in persons with schizophrenia (e.g., references 2-4). Investigators have suggested that intervening variables mediate this connection and that identifying such variables will help explicate a mechanism through which neurocognitive deficits would lead to functional impairment in schizophrenia (e.g., references 5-7).
One promising mediator of neurocognition and functional status in schizophrenia is social cognition. Social cognition has been defined as the ability to construct representations about others, oneself, and relations between others and oneself (8) . Studies of social cognition in schizophrenia have focused on a variety of domains including social perception, emotion perception, attributional bias, and theory of mind (9, 10) . We examined social perception in the present study because our previous findings suggested that it is related to early visual processing in schizophrenia patients (11) . Social perception is similar to emotion perception but differs in the type of judgment required. Whereas emotion perception tasks require participants to evaluate social cues such as facial expressions, gestures, or voice tone to infer another's mood, social perception tasks require participants to use social cues to infer precipitating situational events or varied interpersonal domains such as intimacy, status, mood state, and veracity.
The evidence for social cognition's role as a mediator of neurocognition and functional status in schizophrenia is largely indirect. Correlational studies have supported a link between neurocognition and social cognition in schizophrenia and a link between social cognition and functional status in schizophrenia. For example, many correlational studies have supported a relationship between social cue perception (emotion perception or social perception) and aspects of neurocognition, including early visual processing (11) (12) (13) (14) , executive functioning (15), sensorimotor gating (16), verbal recognition memory (13) , and visual vigilance (12, 15) . Correlational studies have also supported a relationship between theory of mind skills (i.e., perspective-taking abilities) and neurocognition (17, 18) . Although the association between social cognition and functional status has been studied less often, findings have supported links between social cognitive variables, such as theory of mind (18) and social cue perception (6, (19) (20) (21) (22) (23) , and everyday functioning.
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eling. In one recent study that applied structural equation modeling to this question, the authors concluded that social cognitive variables (social cue recognition and sequencing) mediated relations between varied aspects of neurocognition and vocational functioning (7) . The authors of that study, however, did not formally test whether social cognition serves as mediator. Evidence for mediation has typically required three conditions: 1) the potential mediator is significantly correlated with the predictor variable, 2) the potential mediator is significantly correlated with the outcome variable, and 3) the relationship between the predictor variable and the outcome variable is significant before the introduction of the potential mediator but not significant when the potential mediator is introduced (24) . Structural equation modeling software packages typically include a statistical test of mediation that confirms that the above conditions have been achieved (25, 26) .
Our goal in the current study was to use structural equation modeling to examine the mediating influence of one aspect of social cognition, namely social perception, on relations between visual perception and functional status in schizophrenia. We intentionally selected a very basic aspect of neurocognition, early visual processing, to help clarify the direction of influence between constructs in the models. Although it is logically possible for the direction of influence to go from social cognition to early visual processing, we consider this model to be highly unlikely for two reasons. First, the processes we measured occur extremely early (within the first 100 msec of visual processing). Second, we have found that attention, which is likely to play a role in many aspects of social cognition, has a rather small effect on visual masking performance (27) .
To test the hypothesis that social perception would act as a mediator of early visual processing and functional status in schizophrenia, we used two models: a basic model and a mediation model. The basic model posits only a direct relationship between early visual processing and functional status. In contrast, the mediation model posits a significant indirect relationship between early visual processing and functional status through linkages with social perception as well as a small and nonsignificant direct relationship between early visual processing and functional status. Evidence for the mediating role of social perception requires a significant indirect effect of visual processing on functional status when social perception is included in the model and a significant decrease in the relationship between visual processing and functional status from the basic model to the mediation model.
Method

Participants
Seventy-five outpatients with schizophrenia (69 male patients and six female patients) participated in the study. Participants were part of a larger National Institute of Mental Health study of early visual processing in schizophrenia (M.F. Green, principal investigator). The predominance of male patients in the study stems from that fact that most participants were recruited from Department of Veterans Affairs (VA) treatment clinics. A smaller number of participants were recruited from local board-andcare facilities. All participants met the criteria for schizophrenia based on interview with the Structured Clinical Interview for DSM-IV Axis I Disorders, Patient Editon (SCID-P) (28) . All SCID-P interviewers were trained to administer the SCID-P in the Diagnosis and Symptom Assessment Core of the VA Mental Illness Research Education Clinical Center (MIRECC) and demonstrated agreement between their ratings and the consensus ratings of the MIRECC's expert diagnosticians (minimum kappa coefficient of 0.80). Psychiatric symptoms were rated with the Brief Psychiatric Rating Scale (BPRS) (29) . All BPRS raters were trained to minimum intraclass correlation coefficients of 0.80, based on their agreement with the consensus ratings of the MIRECC's expert diagnosticians. The BPRS ratings indicated that the outpatients were clinically stable at the time of testing (mean score for positive symptoms [conceptual disorganization, hallucination, and unusual thought content]=2.5, SD=1.3; mean score for negative symptoms [withdrawal, retardation, blunted affect, emotional withdrawal]=2.0, SD=0.9). The BPRS ratings ranged from 1 (not present) to 7 (extremely severe), with 4 representing the clinical threshold.
The mean age of the participants was 46.7 years (SD=9.5), participants' mean number of years of education was 13.0 (SD= 1.8), and the mean time since initial symptoms of schizophrenia was 21.2 years (SD=11.0). Fifty-one participants were taking one or more atypical antipsychotic medications, 11 participants were taking one or more typical antipsychotic medications, four participants were taking at least one atypical and at least one typical antipsychotic medication, and nine participants were taking no antipsychotic medications. After the interviews, participants were administered measures of social perception, early visual processing, and functional status during an assessment that lasted approximately 2.5 hours. The 
Measures
Social perception. The Half Profile of Nonverbal Sensitivity (30) , which consists of the first 110 scenes of the Profile of Nonverbal Sensitivity (31), was used to assess social perception. In nonclinical samples, the internal consistency of the Profile of Nonverbal Sensitivity ranges from 0.86 to 0.92, and its median test-retest reliability is 0.69 (30) . The internal consistency (coefficient alpha) of the Half Profile of Nonverbal Sensitivity for the current study group was 0.78. Scenes of this videotape-based measure last 2 seconds and contain the facial expressions, voice intonations, and/or bodily gestures of a Caucasian female. That is, each scene contains one, two, or three of these social cues. After watching each scene, the participant is asked to select which of two labels (e.g., saying a prayer, talking to a lost child) better describes a situation that would give rise to the social cue(s) observed. As in prior studies that have used the Profile of Nonverbal Sensitivity to assess social perception in persons with schizophrenia (e.g., references 32, 33), the administration procedure was modified in the current study to reduce the measure's demands on sustained attention and reading comprehension. Before each scene, the videotape was paused as the experimenter read the two possible labels aloud and the participant read the labels silently from a 4-by-6-inch index card. To ensure that the participants understood the task, a practice sample of five scenes was randomly selected from the second 110 items of the Profile of Nonverbal Sensitivity and was administered before the scored scenes.
Early visual processing. This study was part of a larger program of research on the nature and functional implications of early visual processing deficits in schizophrenia. Computerized visual masking procedures were used to assess early visual processing. In visual masking, a brief visual masking stimulus either precedes (forward masking) or follows (backward masking) a brief visual target stimulus. The conditions have been described in previous studies from our laboratory (e.g., reference 34) and are only briefly described here. The current parameters differed from those of previous studies in two ways. First, we adapted all of the software for use with the E-Prime software program (Psychological Software Tools, Inc., Pittsburgh). Second, we used a monitor with a refresh rate of 160 Hz that yielded a screen refresh rate of 6.25 msec (we had previously used monitors with a refresh rate of 150 Hz).
The target stimulus was a square with a gap on one of three sides (up, down, or left) that could appear in any one of four locations (upper left, upper right, lower left, lower right) on the computer screen. It was presented for 12.5 msec. The masking stimulus was a cluster of squares that covered all possible target locations. The mask was shown for 25 msec. An initial psychophysical procedure determined the target threshold for each subject by manipulating contrast levels (described in reference 34). The threshold was set so that each subject performed at 84% accuracy with an unmasked target. Because the threshold procedure ensures that subjects can detect the unmasked target, there is no reason to exclude subjects on the basis of visual acuity. Instead, subjects were excluded if they could not achieve 84% accuracy for unmasked targets presented at the highest contrast level. All of the 75 subjects completed the threshold procedure.
For the masking conditions, 12 trials were presented for each stimulus onset asynchrony (the interval between the onset of the target and the onset of the mask), which allowed us to counterbalance the three targets and four locations. Separate forward and backward masking scores were derived for two masking conditions, yielding a total of four masking summary scores. These masking conditions were selected because they yield monotonic masking functions and are similar to the masking procedures most commonly used in studies of visual perception in schizophrenia. Briefly, the two masking conditions were:
1. Target location with a high-energy mask. In this condition, participants did not need to identify the target; instead, they merely indicated which one of the four locations the target appeared. The energy of the mask was twice that of the target (four screen sweeps for the mask; two for the target). The term "energy" here refers to duration times intensity of the target. The stimulus onset asynchronies were spaced in 12.5-msec increments from -75 msec to 75 msec. In all, 12 stimulus onset asynchronies were included (the stimulus onset asynchrony of 0 was not included in this analysis).
Target identification with a high-energy mask.
In this condition, participants identified the location of the gap in the target (up, down, or left). The energy of the mask was twice the energy of the target. This condition included six forward and six backward masking intervals, ranging from -75 msec to 75 msec. The stimulus onset asynchronies were spaced in 12.5-msec increments from -75 msec to 75 msec, with additional intervals at -112.5 msec and 112.5 msec (total of 14 stimulus onset asynchronies, not including the stimulus onset asynchrony of 0). 
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Functional Status
The independent living skills, social functioning, and work functioning subscales of the Role Functioning Scale (35, 36) were used to assess functional status. Ratings on the three subscales were completed by one of several expert-trained interviewers after a 30-minute interview with the participant. A prior study of schizophrenia patients found that expert-trained interviewers were consistent in their Role Functioning Scale ratings (intraclass correlation coefficient of 0.80) (37) . The Role Functioning Scale subscale ratings range from 1 (severely impaired functioning) to 7 (optimal functioning). Each Role Functioning Scale subscale includes anchored descriptions for all seven levels of functioning that capture both the quantity and quality of the functioning in that domain.
Statistical Analyses
Structural equation modeling was employed to examine the hypothesized relationships between early visual processing, social perception, and functioning in schizophrenia. In structural equation modeling, a combination of confirmatory factor analysis and multiple regression is used to determine relations between constructs. Concerning the factor analytic properties of structural equation modeling, constructs (identified as "unobserved" or "latent" variables in structural equation modeling) are estimated by a factor analysis of data from theoretically related measures (identified as "observed" or "indicator" variables). Factor loadings are used to specify the association between an indicator variable and a latent variable. Regression analyses are used to determine the relations between the latent variables. Each association reported between two latent variables is a partial correlation with the other latent variables of the model held constant.
In the current analyses, the latent variable early visual processing was indexed with four indicator variables: forward masking for target location, backward masking for target location, forward masking for target identification, and backward masking for target identification. The variable social perception had a single indicator variable, total score on the Half Profile of Nonverbal Sensitivity. Functional status was a latent variable with three indicator variables: scores on the independent living skills, social functioning, and work functioning subscales of the Role Functioning Scale. Two models, a basic model and a mediation model, were estimated. The basic model posits only a direct relationship between early visual processing and functional status, whereas the mediation model posits an indirect relationship between early visual processing and functional status through linkages with social perception.
Participants (N=75) were selected for these analyses if they completed the visual masking procedures. Some data were missing: 10 participants did not complete the Half Profile of Nonverbal Sensitivity, and 11 participants did not complete the Role Functioning Scale. Analyses were performed by using three methods for handling missing data: listwise deletion, pairwise deletion, and maximum-likelihood expectation-maximization (38) . The pattern of results from the three computation methods was virtually identical, so only the results obtained by using maximum-likelihood expectation-maximization are reported here.
Results
The means and standard deviations of the indicator variables are displayed in Table 1 . The patients' performance on the Half Profile of Nonverbal Sensitivity was comparable to that of schizophrenia outpatients and below that of healthy participants in previous studies (11) .
The patients' scores on the subscales of the Role Functioning Scale were slightly higher than those reported previously for a group of nonveteran urban schizophrenia outpatients (39) . The zero-order correlations of the indicator variables are displayed in Table 2 .
The basic and mediation models were estimated with the maximum likelihood solution of the EQS Structural Equation Package (40) . The basic model posited only a direct relationship between early visual processing and functional status (Figure 1 ). The independence model, which tests whether or not the observed data fit the expected data, was readily rejected (χ 2 =80.33, df=21, N=75, p<0.01). The basic model provided a moderate fit for the data, as suggested by a nonsignificant chi-square (χ 2 = 20.60, df=13, N=75, p=0.08). Because the chi-square test is very sensitive to sample size (26) , two additional indices of model fit, the comparative fit index (CFI) and the root mean-square error of approximation (RMSEA), were also examined (40) (41) (42) . These indices also indicated that the basic model provided a moderate fit for the data (CFI= The mediation model was used to evaluate the strength of a direct relationship between early visual processing and functional status, as well as an indirect relationship that is mediated by social perception (Figure 1) . The independence model was readily rejected (χ 2 =105.47, df=28, N=75, p<0.01). The mediation model provided a very good fit for the data (χ 2 =22.02, df=18, N=75, p=0.23, CFI=0.95, RMSEA=0.06). All indicators had moderate to high loadings on their respective latent variables. Social perception both was predicted by early visual processing (standardized coefficient=0.57, p<0.05) and was predictive of functional status (standardized coefficient=0.44, p<0.05). Stated otherwise, social perception mediated the relationship between the predictor and outcome measures, as indicated by a significant indirect path between early visual processing and functional status (standardized coefficient for indirect effect=0.25, p<0.05). It is noteworthy that the direct path from early visual processing to functional status in the mediation model was not significant (standardized coefficient=0.03, p=0.46). Early visual processing and social perception accounted for 18% of the variance in functional status.
Discussion
Structural equation modeling suggested that social perception acts as a mediator of relations between early visual processing and functional status in schizophrenia. Social perception mediated a significant indirect relationship between early visual processing and functional status. That is, the direct relationship between early visual processing and functional status, which was significant in the basic model, became nonsignificant and close to zero in the mediation model.
The present study involved only one aspect of neurocognition (early visual processing) and one aspect of social cognition (social perception), but the current finding is consistent with theoretical models that have proposed that social cognition mediates relations between neurocognition and functional status in schizophrenia (e.g., reference 5). Earlier support for social cognition's role as a mediator in schizophrenia was largely indirect, coming mainly from correlational studies supporting either a link between neurocognition and social cognition or a link between social cognition and functional status. The current study provided a direct test of the mediating role of a social cognitive variable, social perception. The findings of this study are consistent with those of a recent study in which structural equation modeling was used but mediation was not formally tested (7) , as well as the findings of a collaborating project in which path analysis was used to examine direct and indirect relationships (39) .
Social cognition provides a logical mechanism through which neurocognition may influence functional status in schizophrenia. As impairments in social cognition and neurocognition likely limit community functioning (6, 9, 10) , interventions that improve these domains may lead to better outcomes. Consistent with this idea, Hogarty et al. (43) recently found that an intervention that targeted neurocognition and social cognition produced long-term improvement in functional status.
Although we have theorized that neurocognition influences social cognition and functional outcome (e.g., reference 5), it remains logically possible that social cognition, or outcome variables such as social and occupational status, influence neurocognitive variables. However, a downward influence affecting early visual processing is not likely for the visual masking procedures used in the current study because they are used to assess the first 100 msec of visual perception.
In the basic model, the strength of the relationship between visual processing and functional outcome was consistent with results from other studies of neurocognition and outcome. Visual processing has only rarely been considered in previous studies of functional outcome in schizophrenia. However, studies that have included domains such as working memory, secondary memory, vigilance, and executive functioning typically report relationships with a medium effect size (e.g., r=0.30) (3), similar to what we found in this study.
The mediation model explained a moderate amount of the variance (18%) in functional outcome, and it would have been surprising if that model had explained much more, considering that it included only one aspect of social cognition and only one aspect of neurocognition. Investigation of other aspects of social cognition may contribute to our understanding of functional outcome. For example, several correlational studies have found either a link between neurocognition and theory of mind in schizophrenia or a link between theory of mind and functional status in schizophrenia (17, 18) . Functioning in the community is dependent on both social cognitive skills and motivational factors such as emotional experience (anhedonia) and anticipation of interpersonal reward or rejection. Motivational factors have received less attention in the literature on schizophrenia, particularly in such models of outcome. Structural equation modeling and other modeling techniques could be used in additional studies to examine the mediating influence of multiple social cognitive and motivational variables (e.g., anhedonia). More complex models with multiple potential mediators will help to clarify the 
